INTRODUCTION
Determining true motion (including identifying occluded and uncovered regions) is vital for applications such as image sequence restoration and motion-compensated frame-rate conversion. Block-based motion estimation (e.g. Lucas and Kanade (1), Jain and Jain (2)) provides true motion only in blocks which do not contain motion discontinuities. A strategy for obtaining true motion for an entire image is to initialise the motion field using a block-based technique, to identify blocks where the assumption of constant motion fails (model failure blocks), and to correct the motion field within those blocks. Orchard (3) provides a framework for correcting the motion field in model failure blocks by segmenting those blocks into two arbitrarily shaped regions each corresponding to a unique motion (obtained from neighbouring blocks). He proposes two hard constraints on any such segmentation : each region must be contiguous, and connected to the neighbouring block whose motion vector it takes. These regions are found by minimising an objective function consisting of a squared error term and a term related to segmentation boundary length. This minimisation must be performed by computationally demanding stochastic minimisation techniques, and in practice the result is not guaranteed to meet the hard segmentation criteria. The technique which we propose permits a less general segmentation, but the segmentation can be performed using an efficient, deterministic algorithm, and we are able to guarantee that the resulting segmentation satisfies Orchard's hard constraints. We are also, unlike Orchard, able to identify uncovered background.
PROPOSED ALGORITHM Notation
We denote by I n (p) the intensity at pixel p in frame n, and we define the displaced frame difference, : (p; u) = I n (p) ? I n?1 (p ? u) ( 
1)

Initialisation
Block Based Motion Field. We initialise the block motion field u b using a block-based algorithm (similar to the algorithm described in Kokaram and Godsill (4) 
We initialise the pixel motion field u p by choosing the block vector with the highest confidence from the set of blocks that overlap each pixel; i.e. choosing B = arg max 
then :
Selecting Blocks for Segmentation
Because each pixel can choose from a large number of vectors, most pixels are assigned high confidence vectors; the exception is for pixels very near motion discontinuities, or in uncovered regions. We can select such regions by filtering l p . A motion discontinuityis likely to give rise to a valley in l p oriented in the direction of the discontinuity. Such a valley can be located using the bank of directional filters with impulse responses shown in figure 1 . These filters are very simple, but they are efficient to implement (the impulse responses contain many zeros), and in practice they are found to be capable of satisfactorily detecting motion discontinuities. At each iteration, the strongest filter response is chosen, and the block centered on the pixel giving the strongest response is segmented in the appropriate direction, using the technique described below. After segmentation, the outputs of the directional filters are updated (only a small proportion need to be updated each iteration), and the process is repeated.
Segmentation Algorithm
The method described below applies when the strongest filter response is given by one of the filters in figure we see that by summing the h rc and v rc along the active edge elements which form the path, we obtain an expression equal to equation 12; i.e. the sum along the path is inversely related to the log-probability of the segmentation. Hence, we can maximise the probability of the segmentation by minimising the sum along the path. This minimisation can be performed deterministically and efficiently by the Viterbi algorithm. Extending the Analysis to Uncovering. If uncovering occurs, certain pixels can neither be associated with u l , nor with u r , and the block must be segmented into regions corresponding to u l , u r , and a third uncovered region. A key observation in determining the uncovered region is that this region is necessarily bounded by two curves of equal shape, offset by (u r ? u l ).
Consider figure 3 (a), which shows a small section of an image in which uncovering occurs. Figures 3(b) It is not possible to tell prior to segmentation if uncovering has occurred in a particular block, so the technique we adopt is to find the best segmentation assuming uncovering, and to find the best segmentation assuming no uncovering, and to choose the result with the highest likelihood.
RESULTS
We applied our algorithm to image pairs from the Flower Garden and Table Tennis sequences. Frames from the original sequences are shown in figure 4 and block based motion fields are shown in figure 5 . The final motion fields obtained using the algorithm described in this paper are shown in figure 6 , and it is clear from this figure that our algorithm is successful in localising motion discontinuities and detecting uncovered regions. The algorithm is implemented in C on a Sun Sparcstation 20. As an indication of computational requirements (image-size 128 128 pixels), the gradient-based motion estimation (two-levels with block-size 15 15 at the top level, and massively overlapping blocking) required 28:8s CPU time, and 500 iterations of the segmentation algorithm required 32:6s CPU time. 00  00  11  11  00  00  11  11   00  00  11  11 00  00  11  11   00  00  11  11  00  00  11  11  00  00  11  11   00  00  11  11  00  00  11  11   00  00  11  11 00  00  11  11   00  00  11  11  00  00  11  11  00  00  11  11   00  00  11  11  00  00  11  11   00  00  11  11 00  00  11  11   00  00  11  11  00  00  11  11  00  00  11  11   00  00  00  11  11  11   00  00  11  11  00  00  11  11   00  00  11  11 00  00  11  11   00  00  11  11  00  00  11  11  00  00  11  11   00  00  11  11  00  00  11  11 00  00  11 
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